Abstract-We introduce the concept of structural analysis of a business enterprise. It is a simple notion of showing the user different (but related) views of an enterprise: who does what, where and how. Utilizing an approach similar to On-Line Analytical Processing (OLAP), structural analysis provides an interactive, analytical environment for a user to view the different entities in an enterprise in many ways. We illustrate our main ideas using a hypothetical example of a coffee shop and discuss some potential applications.
INTRODUCTION
C ONSIDER a business enterprise engaged in some economic activities for the purpose of making a profit for its owners. An important job of the owners or professional managers acting on the owners' behalf is to design the organization of the enterprise: what resources (humans, machines, or financial resources) and information the enterprise needs, what offerings (products and services) to produce, what customers to serve, what kind of governance is required. This needs to be done at the beginning of the venture when the enterprise is formed, or during an enterprise reengineering effort. The latter is typical of a large company who has been successful but has to change its design due to competitive pressure, a new political or legal environment, disruptive technologies, or new demands from customers. This will also be necessary when there is a merger or acquisition between two sizable companies, in order to have a single, coherent enterprise design.
In this study, we are interested in helping design an enterprise. To this end, we introduce a simple concept of structural analysis: who does what at where and how. Clearly, none of these individually is new. Organizational charts specify who; process models state what and how. Our contribution is the linking of all that is happening inside an enterprise, including its people, various kinds of resources, and offerings in a meaningful way. We show that useful insights can be drawn from straightforward analysis of these linked entities. This will especially be true when the enterprise is very large in scale and/or in scope.
Utilizing an approach similar to On-Line Analytical Processing (OLAP), structural analysis provides an interactive, analytical environment for a user to view the linked entities of an organization in many ways, including drill-downs, roll-ups, or comparing multiple views. Among other uses, such abilities can be utilized to identify potential areas for improvement in an enterprise.
It can be argued that structural analysis is even more critical for service industries. The business processes in a service enterprise are potentially highly complicated, because service offerings are often tailored to individual customers, leading to many variations in processes and other entities.
Second, the nature of services is such that customers interact with the providing enterprise over a broad range of activities. The customers therefore have ample opportunities to directly experience the consequences of complexities in the enterprise design of the service provider.
Section II contains a brief discussion of related research. In Section III, we illustrate the proposed approach using a simple example of a business enterprise, a hypothetical coffee shop, and discuss some applications of structural analysis. Concluding remarks are in Section IV.
II. RELATED RESEARCH
In the last two decades, methods for quantitative analysis of a business enterprise have advanced significantly, together with rapid progress in information technology. Entire categories of application software related to business analysis have been created, most notable of which are business intelligence (see, e.g., [6] ) and advanced planning and scheduling, generally known as supply chain management (see, e.g., [1] , [10] ), and revenue management (see, e.g., [11] ). Augmenting these enterprise applications is the ubiquitous spreadsheet, which allows ad-hoc data analysis driven completely by the requirements of the situation at hand.
On the other hand, it appears that qualitative analysis of and for a business enterprise has been almost solely focused on business processes and their supporting information systems. Descriptive modeling techniques, such as graphical and algebraic modeling languages, have been developed to formally represent data flows and process flows (see, e.g., [5] ). Workflow, a combination of data flow, process flow, the task-performing resources and their roles, are typically analyzed using Petri nets (see, e.g., [14] ). Properties such as reachability and deadlock can be derived from a Petri net model. Structural analysis complements these business process models by expanding the focus to other business entities related to processes.
To facilitate the development of enterprise-wide information systems, reference models for business enterprises (see, e.g., [3] , [9] ) and governments (see, e.g., [12] ) have been developed. A reference model often follows a functional decomposition of an enterprise, sometimes specified in a formal language (e.g., as in [3] ). These reference models contain valuable information on what a business enterprise regularly performs (or should perform ideally), but little analysis has been devised to use these models beyond reference information for a human expert. Putting such a reference model in a structural analysis environment enables an enterprise designer to use the reference model interactively as a template and modify it to suit the objectives of the enterprise in question.
Going beyond reference models, the area of enterprise architecture encompasses not only information and processes, but also other aspects, such as business objectives and organizational structure, necessary for the existence of an enterprise throughout its life cycle [2] . In [8] , the authors note four common elements in representations of enterprise architecture: core business processes, shared data driving core processes, key supporting technologies, and key customers. Our structural analysis technique addresses precisely the different mappings across these elements.
Recently, a Component Business Model (CBM) framework has been proposed [7] , in which enterprise activities are grouped together by certain criteria to form business components. This framework essentially provides a component view of an enterprise. Structural analysis expands such a view to include other entities in an enterprise.
III. STRUCTURAL ANALYSIS OF A SIMPLE ENTERPRISE
To illustrate the concept of structural analysis, we decompose a hypothetical coffee shop into business entities, based on the enterprise ontology developed in [13] , and utilize the entities in a structural analysis of the enterprise.
A. A Hypothetical Coffee Shop Expressed in an Enterprise Ontology
An enterprise ontology typically defines a business entity as a fundamental thing that is contained in the enterprise being modeled and a relationship as the way two or more entities can be associated with each other in the model. In [13] , the authors define and categorize business entities and relationships, some of which we adopt here to model a hypothetical enterprise -a small coffee shop.
An activity is something done by the enterprise and it may have preconditions, produce output, have one or more doers, have an owner, and be measured by one or more Key Performance Indicator (KPI). In our coffee shop, examples of basic activities include taking an order or grinding coffee beans. A process is comprised of multiple, related activities.
Resources are consumed during an activity. In our coffee shop example, we define three specific types of resources: materials (e.g., coffee beans), financial resources (e.g., cash), and information artifacts (e.g., customer order).
Actors play a role that entails some notion of doing or cognition within the enterprise. Actors can be people, organizational units, machines, or systems. In our example, actors of the people type include store owner, store manager, barista, cashier, and accountant; actors of machine type include coffee grinders, coffee brewers, and cash registers; actors of system type include an order management system, an inventory and payroll system, and a finance system. Organizational structures comprise one or more actors for managing and executing activities.
In our example, organizational structures include management, day shift workers, and night shift workers.
A product is the output of one or more activities and is sold to a customer. In our example there are three products: a finished cup of coffee, a finished espresso drink, and a ready pastry.
Relationships arise as the business entities within an enterprise interact. For example, the activity grind coffee beans is associated with a person -barista, a machinecoffee grinder, material resources -coffee beans and electricity, and an organizational structure -day shift. Our coffee shop example operates six processes using its resources and actors to produce three products as follows.
1. Customer order processing. The cashier receives a customer order. Depending on the particular order, the cashier pours a cup of coffee and/or prepares a piece of pastry (puts it in a bag), and/or the barista makes an espresso drink from espresso grounds. Then the customer makes a payment to the cashier who delivers the order to the customer. Espresso grounds and pastry are purchased from vendors. We use the term "ready pastry" to denote the pastry in a bag, ready to be delivered to a customer (the finished product). We make the simplifying assumptions that the shop never runs out of coffee beans, coffee and espresso grounds, brewed coffee, or pastry.
2. Coffee production. Coffee is periodically made in a batch by the barista. Coffee grounds for cups of coffee are made from coffee beans immediately before making the coffee. Coffee beans are procured from vendors.
3. Cash management. This process includes initializing the cash register (e.g., at the beginning of a shift) by the cashier; reconciling payments in the cash register by the cashier; making the entries in the accounting journal by the cashier; depositing the payments with the bank by the store manager; and reconciling the accounting journal with the bank statement by the accountant.
4. Payroll. The store manager collects hours worked from the cashier and the barista; the accountant calculates pay; the owner delivers the paychecks.
5. Material procurement. The store manager checks material stock (coffee, espresso, pastry, etc.); places an order for any necessary materials; receives the ordered materials; the accountant makes a payment to the vendor.
6. Recruiting. The manager places a job advertisement; the manager and the owner select candidates from the job applications received; the manager and the owner interview the selected candidates; the owner makes an offer if there is a suitable candidate; the manager signs on the new employee. Contingencies for lack of suitable candidates or offer rejections are also included in this process.
The first three processes belong to a higher level process called store operations and the last three belong to the administrative process. These processes are obviously a simplified version of real life, but are still representative and will serve well to illustrate structural analysis. We have implemented this example in a commonly used, PC-based relational database. A set of 13 data tables was defined to capture the entities described and their basic relationships.
B. Applications ofStructural Analysis
Structural analysis amounts to computing different views and queries from the data tables of the enterprise entities. It provides analysts and management a means of viewing and evaluating the structural characteristics of an enterprise. Despite its conceptual simplicity, there are a number of potential applications of structural analysis, mainly in organization and business process design or redesign. We believe that, similar to OLAP, structural analysis will find many more uses beyond what are discussed here.
In the following, we provide a short general discussion of a potential business application of structural analysis, followed by an illustration using the coffee shop example.
Process / product management. In a large enterprise where business processes and products are complex, the management of a single product or a single business process often requires a number of people and.possibly a number of different departments or organizations within the enterprise. Frequently there are numerous "handoffs" associated with a process, a product, or a customer. Ultimately who is responsible for the process, product, or customer? Is there a built-in conflict of interest of the different stakeholders due to their measurements? These are important issues to consider when designing a process,.
Using the coffee shop example, Fig. 3 .2.1a shows a product-people view, indicating who is directly involved in producing the three products. (Note that in all of the following product-related views, only the entities directly related to the product are computed. Entities that contribute indirectly to the product are not included, but are easily computed if needed.) The number in a cell indicates how many activities of that product are required of each person. Fig. 3.2 .1b shows a product-organization view, indicating which organization within the enterprise is directly involved in producing the products. This is a roll-up of the productpeople view along the people (actor) dimension. We see that all products are made by the same organization, called DayShift. Fig. 3.2.2 shows an activity-people view, indicating who is performing the different activities. The last column shows the total number of people required by that activity. A similar view for activity-organization relationships could also be developed. Reuse analysis. In software development or product manufacturing, a lot of emphasis is placed on the reuse of components due to reduced cost and time to market, and increased reliability. In product manufacturing, the degree of reuse of a selected part can be analyzed using the bills of materials of the products. If we extend the concept of reuse to general resources that incIude materials, financial resources, machines, and people, a similar analysis to that of the bills of materials needs to be carried out. Structural analysis provides an easy way to view the mapping of resources to activities, actors to activities, resources to products, and actors to products, showing the extent of reuse of resources and actors across activities or across products.
In the coffee shop example, Fig. 3 .2.1a shows a productpeople view that contains the degree of reuse of a person among products (down a column). Fig. 3.2.2 shows an activity-people view that indicates the degree of reuse of a person among activities. Fig. 3.2.3 shows a product-material resource view that indicates the degree of reuse of a material among products. (The number in the cell indicates how many activities use that material for the corresponding product.) Fig. 3.2.4 shows an activity-material resource view providing the degree of reuse of a material among activities. In the coffee shop example, Fig. 3.2.1a shows a productpeople view that indicates which products are impacted if a person is not available. Fig. 3.2.3 shows a product-material resource view that indicates which products are impacted if a material is not available. At a more detailed level, Fig. 3.2.2 shows an activity-people view that indicates precisely which activities are impacted if a person is not available. Similarly, Fig. 3.2.4 shows an activity-material resource view that indicates precisely which activities are impacted if a material is not available; Fig. 3.2.5 shows an activitymachine view that indicates the impact of machines on activities. Further, Fig. 3.2.6 shows a product-system view that indicates which products are impacted if a system is not available. Fig. 3.2.7 shows an activity-system view that indicates precisely which activities are impacted if a system is not available.
Outsourcing analysis. Business process outsourcing represents an important opportunity for an enterprise. When a business process is outsourced, its associated actors and resources will no longer be under the control of the enterprise. Are there any undesirable consequences? For example, is a resource to be outsourced needed by other inhouse business processes? When the enterprise is large and complex, such a simple question is not easy to answer. After a business process is outsourced, with its associated resources and people, do the remaining resources and people get utilized productively? Will a customer notice any difference? Structural analysis provides activity-resource and activity-actor views that show precisely what gets outsourced and helps highlight any undesirable consequences.
In the coffee shop example, there are four business processes that are candidates for outsourcing. Each process consists of a number of activities, all of which are shown in Fig. 3.2.2. Fig. 3 .2.8 shows a process-people view that indicates who are involved in each process across the row. (The number in the cell indicates how many activities require that person.) If a process uses an exclusive set of people that are not used by any other process, it may be a better candidate for outsourcing than a process that shares many people with other processes. In this example, it can be seen easily from Fig. 3 .2.8 that there is no process that uses an exclusive set of people. If one is considering outsourcing the payroll process, say, then from Fig. 3.2.8 we can see that it will reduce the effort of every person except the store manager. In particular, the owner will have no activity left to perform (besides intangible activities connected to owning the shop) and the accountant will have only one activity in procurement left to perform. The owner may then consider outsourcing payroll to further reduce his work load. The other issue is how to use the newly available free time of the accountant productively or, alternatively, reducing the paid hours of the accountant. In reality, for a more complex enterprise such information will be highly useful in analyzing outsourcing. A similar view could show processmachine relationships that indicates what machines are required in each process. Sometimes an enterprise is interested in outsourcing the production of entire products. It will be helpful to see whether any product uses an exclusive set of people or machines. In our example, Fig. 3.2.1a shows a productpeople view indicating who is involved directly in making each product. It can be seen that no product in this example uses an exclusive set of people. A similar view of productmachine relationships could also be generated.
Pareto analysis of resources and actors. Pareto analysis (also called ABC analysis) of products to rank them in terms of contribution to revenue, profit, or units sold is common practice for manufacturers. Utilizing the mapping between products and resources (or actors) provided by structural analysis, we can extend standard Pareto analysis to find the resources (or activities) associated with products of the highest rank in revenue or profit. These represent the highest priority for improvement or investment considerations.
It might also be worthwhile to have contingency plans for these resources or activities in case of unforeseen circumstances. Alternatively, we can rank resources or actors in terms of their usage by the number of products or number of customers with which they are associated. Even though they may not contribute to the highest fraction of revenue or profit, the resources or actors contributing to the largest number of products or customers may enable the enterprise to deliver a broad set of offerings. In the coffee shop example, once the highly ranked products are identified, a product-people view (similar to Fig. 3.2.1a) , a product-material resource view (Fig. 3.2.3) , a product-machine view, or a product-system view (similar to Fig. 3.2.6 ) can be generated to identify the resources used to make these products. For a structural Pareto analysis based on the number of products, we obtain data from the productpeople and product-machine views and plot histograms of people and machine, sorted by the number of products covered. As an example, the product-machine histogram is shown in Fig. 3.2.9 . Similar plots can be made for systems and material resources using data from the product-system view ( Fig. 3.2.6 ) and the product-material resource view (Fig. 3.2.3) , respectively.
Pareto analysis of resources and actors also provides insights on resource reuse among the product or service offerings. Do many products have unique resource or actor requirements? If so, there may be cost saving opportunities to consolidate resources or actors by modifications to the resource or product design. In addition, new offerings can be introduced in a what-if analysis to see their potential impact from a structural standpoint.
Performance diagnostics.
The performance of an enterprise is measured by a number of key performance indicators (KPI' s). Senior management staff and other stakeholders of the enterprise, such as shareholders, monitor these KPI's to ensure that the enterprise is running effectively and to identify opportunities for improvement. When one or more of the KPI's are judged to be unsatisfactory, corrective actions will be triggered. In the case of large enterprises, a natural, first step is to identify the potential issues that contribute to the inadequate KPI. Structural analysis provides a view of all resources, actors, activities, or products directly related to the KPI in question. This will be very useful for quickly narrowing down our focus for planning next steps.
In the coffee shop example, there are two KPI's: coffee inventory level and time to serve a customer. Fig. 3 .2.10 shows an activity-KPI view that indicates which activities are measured by a KPI. If, for example, the number of accounting errors is large, the three activities indicated in the rightmost column in Fig. 3 Value driver analysis. A common method used in business strategy development is value driver analysis, the goal of which is to develop a list of the most important factors (Le., the value drivers) influencing a selected KPI or a certain issue. Appropriate actions can then be taken to improve the KPI or to resolve the issue. Finding critical value drivers is not a trivial exercise, however, and most approaches ultimately depend on qualitative reasoning or subjective judgment. Structural analysis provides an internal view by identifying the business entities directly related to 
IV. CONCLUDING REMARKS
In this paper, we propose the concept of structural analysis of an enterprise and discuss some of its potential applications. Many new research issues will surface as new uses are discovered. An obvious research issue is effective visualization of the views provided by structural analysis, other than the tabular forms shown here or in common OLAP based tools. For example, some of the views related to people in the enterprise may be combined with an organization chart to give a more intuitive representation.
We mentioned the potential application of structural analysis in a business performance dashboard. Despite the two simple examples given in Section III, the precise linkage of the results from a typical dashboard to that of structural analysis is not trivial. Exactly what information will be useful, under what setting (e.g., periodic reporting or realtime monitoring) is a research issue in itself when we have the possibility of showing very detailed views inside an enterprise. Business performance dashboards. Common business performance dashboards show high-level quantitative measures related to products (e.g., number of units sold, amount of revenue generated, amount of gross profit, amount of cost incurred to produce the product) and customers (e.g., number of customers, number of customer orders per customer or per region, amount of revenue per customer or per region). Since structural analysis gives the mapping of products or customers to resources, actors, and activities, the output of a business performance dashboard can be combined with that of structural analysis to show measurements of resources, actors, and activities. For example, one can monitor the volume of products sold in a region together with the number of activities used to manufacture the products and the level of effort of the people or machines used in production. This will be useful in periodic reporting or in real-time monitoring. In our example, if a traditional performance dashboard tells us that on this day in this shop 500 cups of coffee and 200 espresso drinks were sold, then from the product-people view in Fig. 3.2.1a we can deduce the number of times each person was called on to sell the products through a simple multiplication, as shown in Fig. 3.2.13 . Similarly, from a given sales volume and a product-machine view we can deduce the number of times each machine was used to sell the products, as shown in Fig. 3.2 
